INTRODUCTION
The levels of intracellular signal molecules can be adjusted and tightly controlled at the steps of synthesis and of degradation; the latter terminates hormone action by producing an inactive molecule. The example of cyclic nucleotide phosphodiesterase hydrolysing cyclic AMP and cyclic GMP is well known and their involvement in the negative control of intracellular cyclic AMP levels has been reported. Furthermore, multiple tissue-specific isoenzymes (now classified into five families) have been isolated, sequenced and shown to be the products of different genes (Beavo and Reifsnyder, 1990) . In response to several extracellular signals, two second messengers, inositol 1,4,5-trisphosphate (InsP3) and diacylglycerol, are produced (Berridge and Irvine, 1989) . InsP3 is responsible for Ca2+ mobilization (Berridge, 1993) , while diacylglycerol is the specific activator of the protein kinases C (Nishizuka, 1988) . The InsP3 concentration depends upon the relative activities of phospholipase C and the two enzymes that either phosphorylate or dephosphorylate this molecule: InsP3 5-phosphatase is responsible for dephosphorylation into inositol 1,4-bisphosphate (InsP2) (Downes et al., 1982) , while InsP3 3-kinase leads to the synthesis of inositol 1,3,4,5-tetrakisphosphate (InsP4) (Irvine et al., 1986) .
Two isoenzymes of InsP3 3-kinase are encoded by at least two different genes located on different chromosomes (Takazawa et al., 1990 Erneux et al., 1992) . The activities of the InsP3 3-kinases can be distinguished by the degree of stimulation by Ca2+ in the presence of calmodulin.
The initial description of InsP3 5-phosphatase in human erythocyte membranes (Downes et al., 1982) was followed by the separation of various enzymes. (i) Type I, purified in human platelets (Connolly et al., 1987) , rat (Hansen et al., 1987) and bovine brain (Mitchell et al., 1989) . A cDNA encoding type III isoenzyme has been isolated from a human placenta library (Ross et al., 1991 (Verjans et al., 1992) . Two such preparations were used to determine internal microsequences with Asp-N endoproteinase and trypsin respectively, as reported in Rasmussen et al. (1991) , after concentration so that all of the protein was applied to one lane of the gel. Peptides generated by cleavage were separated by narrow-bore reverse-phase h.p.l.c. and collected manually. The major peaks were taken for sequence analysis, which was carried out on an Applied 477A pulsed liquid phase sequencer. Sense and antisense degenerate oligonucleotides were synthesized, based on the following two sequences: FKAKKYKKV and DENYKSQE. A first-strand cDNA was made by incubating 1 ,ug of total bovine brain cortex RNA [prepared as described in Reuse et al. (1991)] with 2 ag of hexamers and 200 units of moloney murine leukaemia virus reverse transcriptase in a total volume of 20 ,ul for 1 h at 37°C (Kawazaki, 1990) . PCR, using 1-5 ,ul of cDNA directly, was performed as described previously . Hybridization and washing conditions were as before. This resulted in the isolation of two types of clone (2.7 and 2.2 kb). One of the longer clones is referred to as BVCT.
Clone BVCT was sequenced on both strands by subcloning restriction fragments into M 13 sequencing vectors and the use of an Applied Biosystems sequencer. Alternatively, we sequenced using double-stranded DNA as template using Sequenase (version 2.0; USB Cleveland) and 35S-labelled deoxyadenosine 5'-[a- [35S] thio]triphosphate. Part of the sequence was initially obtained by PCR amplification of clone BVCT between position 999 and 1630 and subcloning into M13. This sequence was subsequently confirmed by sequencing double-stranded DNA of clone BVCT using the Sequenase reaction and appropriate oligonucleotides.
Expression of lnsP3 5-phosphatase in E. coli
To express BVCT as a /?-galactosidase fusion product, the following construct was made by PCR using the sense and antisense primers ATCGGATCCGATGGCGGGGAAGGCG-GCC and ATCGAATTCAAGTGTGGGGCCGGCCGTCTA respectively. Plasmid DNA of BVCT was subjected to PCR to amplify a 1400 bp product. This material was subcloned into Bluescript after digestion with EcoRI and BamHI. The in-frame clone derived from BVCT is now referred to as ETC.
To express proteins from non-recombinant and ETC plasmids, LB medium (5 ml) containing 50 ,ug/ml ampicillin was inoculated for an overnight incubation at 37°C with a single colony of E. coli containing the Bluescript ETC plasmid. After addition of isopropyl ,-thiogalactoside (5 mM final concentration) for 3 h at 37°C, the bacteria were harvested by centrifugation (1200 g, 15 min) and suspended in 0.4 ml of cold lysis buffer (20 mM Tris/HCl, pH 8, 1 mM EDTA, 50 mg/l Pefabloc, 2.5 jaM leupeptin, 10 % sucrose, 12 mM 2-mercaptoethanol and 1 % Triton X-100). After agitation for 20 min at 4°C and centrifugation (15000 g, 15 min), supernatant was used to assay for InsP3 5-phosphatase and protein content as previously reported (Lowry et al, 1951; Erneux et al., 19&9) .
RESULTS
Determination of peptide sequences of a 43 kDa InsP3 5-phosphatase InsP3 5-phosphatase was purified to apparent homogeneity from the soluble fraction of bovine brain. Analysis of the purified protein by SDS/PAGE and silver staining resulted in a single protein band with a relative molecular mass of 43 kDa (Verjans et al., 1992) . Moreover, InsP3 5-phosphatase could be identified by regeneration of activity after electrophoresis Figure 1 Sequence of the PCR product of the bovine brain InsP3
5-phosphatase
The two oligonucleotide sequences taken as primers in the PCR reaction are underlined. The amino acid sequence deduced from the sequence of the PCR product (doubly underlined; bottom row) is in accordance with previously obtained protein microsequences (top row).
residues that could be assigned with certainty to the bovine brain enzyme (Table 1 ). (Figure 2a ). Of the 142 residues identified for the bovine brain enzyme, 136 were fully conserved in the deduced dog thyroid sequence and 13 peptide sequences were 100 % identical between the two species. Furthermore, all peptide sequences obtained by in situ digestion and Edman degradation were present in the amino acid sequence shown in Figure 2( (Ross et al., 1991) : only 19% identity in a 65-amino-acid overlap within residues 268-332 of the sequence in Figure 2 (a) using the FASTA program (Figure 2b ). phosphatase activity from bovine and rat brain (Table 3 ). In contrast, EGTA and LiCl, two well known modulators of InsP1 3-kinase, InsP2 I-phosphatase and monophosphatase activities (Delvaux et al., 1987; Takazawa et al., 1988) , had no effect on the activity of the recombinant enzyme. ETC-expressed InsP1 (Shears et al., 1987) . Protein kinase C may activate the enzyme, a feedback mechanism which has been suggested in human platelets (Connolly et al., 1986; King and Rittenhouse, 1989) , but so far this has not proved to be a general phenomenon. It is also unknown whether InsP3 5-phosphatase represent a structurally diverse family of integral and soluble proteins encoded by multiple genes as reported for the InsP3 3-kinase and receptor (Suidhof et al., 1991; Ross et al., 1992; Erneux et al., 1992; Mikoshiba, 1993) . The major enzyme that dephosphorylates InsP3 in brain and many other tissues is referred to as type I InsP3 5-phosphatase. It can be purified from a bovine brain soluble fraction (Verjans et al., 1992 ). An enzyme with physical and immunological similarity can also be shown to be associated with the particulate fraction of brain tissue and human placenta Verjans et al., 1990; Hollande et al., 1991; Laxminarayan et al., 1993) . The cloning of this type I InsP3 5-phosphatase is described in the current paper. A cDNA clone BVCT, that encodes an InsP3 5-phosphatase, was isolated by screening a dog thyroid cDNA library. Microsequencing of native bovine brain enzyme yielded 18 peptide sequences which could all be identified within the same encoded polypeptide sequence in clone BVCT. Peptide sequences generated from the brain enzyme were found to be 96 % conserved compared with the thyroid protein. We can conclude that the dog sequence deduced from the BVCT clone and the purified bovine brain sequence correspond to orthologues of the same InsP3 5-phosphatase gene.
A putative initiation codon may direct the synthesis of an InsP3 5-phosphatase of molecular mass 47681 Da, consistent with the molecular mass of the native bovine brain enzyme on an SDS gel, which migrates as a 43 kDa protein Verjans et al., 1992) . Although the microsequences were obtained starting with a soluble enzyme, we do not exclude the possibility that clone ETC may encode a membrane-associated protein or that the protein may be anchored to the membrane. A possible mechanism of membrane association is the prenylation of the InsP3 5-phosphatase at cysteine-409, which is surrounded by CAAX at the C-terminal end. This sequence has been proposed as a putative consensus sequence responsible for the binding of prenyl group on proteins, as was shown for y subunits of several GTP-binding proteins (Glomset et al., 1990; Spiegel et al., 1991) .
Partial DNA sequences of the bovine brain enzyme (Figure 1 ) have been used to design oligonucleotides for in situ hybridization. The presence of high levels of transcripts was observed in the neuronal Purkinje cells of the cerebellum (B. Verjans, P. Mailleux and C. Erneux, unpublished work) . Consistent with this is the higher activity of InsP3 5-phosphatase in the cerebellum as compared with other brain regions (Heacock et al., 1990) .
Moreover, the InsP3 receptor and 3-kinase as well as protein kinase C were also shown to be highly abundant in these cells (Nishizuka, 1986; Mignery et al., 1989; Mailleux et al., 1991) . Ross et al. (1991) 5-phosphatase activity.
Clone ETC was expressed in E. coli as fl-galactosidase fusion protein, as previously done for InsP3 3-kinase (Takazawa et al., 1990) . Activity could be easily detected, as no InsP3 5-phosphatase (or InsP3 3-kinase) activity could be measured in a lysate derived from a non-recombinant plasmid. The specific activity was about 10-fold higher as compared with that in a crude bovine brain soluble fraction (Verjans et al., 1992 
